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Executive summary

Executive summary

The climate change mitigation analysis conducted in the Third Biennial Update Report (TBUR) builds upon
and continues the analyses of previous studies: Second Biennial Update Report (SBUR), Third National
Communication (TNC), First Biennial Update Report (FBUR) and the Intended Nationally Determined
Contributions (INDC)!. Meanwhile, the National Strategy for Energy Development up to 2040 (Energy
Strategy) was adopted in December 2019. The Energy Strategy depicts three scenarios - Reference,
Moderate Transition and Green which reflect different dynamics of energy transition and enable flexibility into
Macedonian response to relevant EU policies and governance for modern, competitive and climate-neutral
economy by 2050. In many aspects, these developments can be considered as a strong entry point to the
mitigation analyses within the TBUR. Also it should be emphasized that during the process of the Energy
strategy preparation, almost all input data, as well as the results were validated in a participatory approach
with the key stakeholders including the Energy Community and NGO sector. Besides, two public debates
were organized with wide participation and very fruitful discussion and comments.

To assess the mitigation potential of certain measures and policies, all sectors recognized by the
Intergovernmental Panel on Climate Change (IPCC) methodology (Energy, Industrial Processes and Product
Use, Agriculture, Forestry and Other Land Use and Waste) have been modelled in the TBUR. The good
practices and the established detailed and robust methodology developed in SBUR have also been
implemented in this BUR.

To evaluate the impact of each mitigation policy and measure, Scenario Without Measure is created (WOM).
This scenario assumes no major changes in technology, economics, or policies so that normal circumstances
can be expected to continue unchanged. This scenario has no likelihood of occurrence because it implies, for
instance, that the efficiencies of devices used in households in 2040 would be the same as the efficiencies of
the devices used in 2017. Nevertheless, such a scenario is of crucial importance because it allows all policies
and measures to be compared to a referent option (i n 0 a ¢ t i) and identify ahsireperformance (energy,
emissions and financial savings).

The total GHG emissions from all sectors in the WOM scenario is expected to increase by 37.3% in 2040
compared to 1990, or by 64.7% compared to 2005, reaching 16,844 Gg CO2-eq in 2040. The comparison is
made relative to 1990 and 2005 because the exact base year for Macedonia is not defined yet. When
analyzing the total GHG emissions without the FOLU sector, this increase is even more dramatic, i.e. 57.7%
in 2040 compared to 1990. From these emissions, the largest amount is from the Energy sector, which
increases its share by up to 81% in 2040. Additionally, the fastest growing sector in terms of emissions is the
Waste sector, where the emissions in 2040 are 2.25 times larger than in 1990. On the other hand, the only
sector that is absorbing COz emissions (has negative emissions) is the FOLU sector, and the amount of
emissions absorbed is increased in 2040 compared to 1990 and 2005, but it is decreased by 13% compared
to 2016.

The IPCC methodology does not include emissions from electricity imports, as well as from international
aviation. To compare the results with the GHG inventory of Macedonia, but also with the results from the other
countries, in this report the results without electricity import and international aviation (MEMO) are also
presented. Using this approach, in 2040 the GHG emissions are increased by 30.8% compared to 1990. The
difference between these two approaches is mainly due to the import of electricity, which in the IPCC approach
reduces the GHG emissions.

Taking into consideration all national strategic and planning documents, 47 mitigation measures were
recognized out of which, 32 measures in the Energy sector, 11 measures in Agriculture, Forestry and Other
Land Use (AFOLU) and 4 measures in the Waste sector. Each of these measures is represented with a

1 All documents are available on this link: http://klimatskipromeni.mk/Default.aspx?LCID=213
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separate table containing the all necessary information, progress of implementation (timeframe, expected
results and costs, implementing entity), progress indicators as well as direct and indirect contribution to the
SDG goals. In the Energy sector, some measures are defined three different paths of implementation that
correspond to a different scenario.

To see which measures and policies should be prioritized,t he economic effectiveness

CO2-eq), as well as the environmental effectiveness or mitigation potential (in t CO2-eq) for each measure
and policy is calculated. It can be concluded that in the WAM scenario:

the total reduction from the proposed measures are estimated to around 5.6 Tg COz-eq,

" 70% can be achi-eaved wok hciaedwand measures, whi

reducing the emissions by negative specific costs,

additional 20% of the reductions are realized by measures with specific costs in a range from 0-5 U/t

CO2z-eq.
It is very important to underline that this is not the total amount of GHG emission reduction, because there is
one more measure which is very important, but its independent contribution cannot the estimated. This
measure is the Introduction of CO: tax, which depends to a high extent on the other measures (such as the
measures for RES, energy efficiency, fuel switch etc.) which are needed to replace the CO2 emitters, and
therefore cannot be modelled on its own.

Furthermore, additional benefits of the measures/policies are also analyzed in light of their potential for job
creation (green jobs). The maximal number in the WEM scenario is in 2030 with 5,309 green jobs, from which
61% are from the energy efficiency and the remaining are from RES. In the WAM scenarios the maximal
number is achieved in 2030 (7,035), while in the e-WAM scenario in 2035 (9,895). Moreover, the number of
green jobs in 2035 in the e-WAM scenario is almost doubled compared to the WEM scenario. Based on the
types of jobs, very basic analyses are done concerning the gender issue. It is found that at least around 27%
of the maximum number of job positions in 2035 can be assigned to women

In SBUR, there were two mitigation scenarios (With Existing Measures - WEM and With Additional Measures
- WAM), but the very fact that the Energy strategy now defines three scenarios necessitated TBUR defining
another additional mitigation scenario (Extended Mitigation - e-WAM). Accordingly, the Reference Scenario
of the Energy strategy corresponds to the WEM scenario, the Moderate Transition Scenario in TBUR is a
WAM scenario, while for the Green Scenario in TBUR it is presented through the e-WAM scenario. The
proposed measures in the AFOLU and Waste sector are included in each scenario. The difference in the
scenarios is made by the measures from the energy sector.

When comparing the results from the different scenarios there are two approaches: one is relative to the
reference scenario (WOM) and the other is relative to a base year. Since for Macedonia the base year is not
yet defined, in this report 1990 and 2005 are used. On the other hand, the total GHG emissions are calculated
using the IPCC methodology, but in addition, in order not to use the electricity import (MEMO item) as a
mitigation measure, in this report the emissions from electricity imports are also considered. This is very
important for adequately calculating the impact of each measure for Macedonia, as import dependent country.
However, with the aim of comparing the result with other countries and for compatibility with the GHG
Inventory, the results without the emissions from electricity import are presented.

In this regard, when comparing the results relative to the WOM scenario, the reduction of the total GHG
emissions without MEMO are higher (78% in e-WAM in 2030, Figure 1,) than in the case with MEMO (67% in
e-WAM in 2030, Figure 2).
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FIGURE 1. COMPARISON OF TOTAL GHG EMISSIONS FIGURE 2. COMPARISON OF TOTAL GHG EMISSIONS
FROM ALL SECTORS IN WOM, WEM, WAM AND E- FROM ALL SECTORS WITHOUT MEMO IN WOM, WEM,
WAM SCENARIOS, 2030 (IN GG CO2-EQ) WAM AND E- WAM SCENARIOS, 2030 (IN GG CO2-EQ)
-67% -78%
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7,569 6,288
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Regarding the comparison of the results relative to a base year, it can be concluded that for Macedonia 1990
is a more suitable year, as there are more GHG emissions in that year compared to 2005, and therefore the
reductions will be higher. The highest reduction of the GHG emissions that can be reached in 2030 is 82% (or
68% with MEMO) compared to the 1990 level and it is accomplished by implementing the e-WAM scenario
(Figure 3, Figure 4). It is projected that the emissions from the Energy sector, Agriculture and waste will be
reduced by 66%, 29% and 21%, respectively compared to 1990. Besides, the sinks from the Forestry will be
increased by 18 times compared to 1990. Because, there are no measures in the IPPU sector, GHG emission
from this sector will increase by 45% compared to the 1990 level.

Although this reduction of emissions of 82% at first glance seems large, it should be noticed that according to
the inventory of greenhouse gases in 2016, 54% of the total target for reducing GHG emissions in 2030 has
been achieved. The Energy sector (mainly by decommissioning of the coal thermal power plants) should
mainly contribute to the reduction of the remaining 46%. At the same time, the sinks from the Forestry, which
although are increased by 18 times compared to 1990, in 2030 are projected to remain at the same level as
in the period 2013-2016.
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FIGURE 3. TOTAL GHG EMISSIONS FROM ALL SECTORS FIGURE 4. TOTAL GHG EMISSIONS FROM ALL SECTORS

IN WEM, WAM AND E- WAM SCENARIOS IN 2030 wIiTHOUT MEMO IN WEM, WAM AND E- WAM

COMPARED TO 1990 AND 2005 LEVEL (IN GG CO2-EQ) SCENARIOS IN 2030 coMPARED TO 1990 AND 2005
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To follow the progress of the mitigation scenarios, SDG indicators and related SGD goals are identified. A
comparative analysis of the obtained results with the EU average (EU-28) and the countries of Southeast
Europe has been made. An important indicator regarding climate change is the greenhouse gas emissions
intensity of energy consumption. It monitors the extent to which low-carbon fuels replace high-carbon fuels
while meeting the energy needs and the extent to which the efficiency of technologies for production and use
of energy has increased compared to the level in 2000. Although there is an increase in the energy demand,
in the mitigation scenarios, as a result of energy efficiency measures, the energy consumption rate of growth
is expected to be slower than that of the WOM scenario, while at the same time, with the replacement of lignite
with RES and partially with natural gas, this indicator is expected to reach 35% in the e-WAM scenario, which
is 65% less than in 2000. In the worst case (WEM), the level of this indicator will stay almost the same as in
2014.

Another important indicator is GHG emissions per capita (CO2z-eqg/capita), according to which Macedonia has
the lowest value compared to the analyzed countries (3.3 tCOz-eqg/capita in 2016). In the best scenario (e-
WAM), GHG emissions in 2040 will be reduced up to 45% compared to the 1990 level, which leads to 3.4
tCOz-eg/capita. In the worst scenario (WOM), the tCOz-eqg/capita in 2040 in Macedonia will approach the
Austrian 2017 level (9.6 tCO2-eqg/capita).

The more ambitious policies and measures proposed in the TBUR doubled the percentage of GHG reductions
compared to the SBUR WOM scenario (Figure 5). In absolute terms, in 2030 the emissions in the SBUR WAM
scenario were projected to 16,681 Gg COz-eq and in the TBUR e-WAM scenario to 3,900 Gg COz-eq. This
WOM scenario is frozen to the 2017 level, which means that the measures implemented up to 2017 are
included and is different compared to the WOM scenario in the SBUR (which was frozen to 2012 level). In
addition, the lower GDP growth rate in TBUR (3.3% annually) also plays an important role in the projected
results. Furthermore, the emissions from the waste sector in TBUR are almost six times lower compared to
SBUR, because of the changes made in the calculation of the waste from the industry (waste generation rate
as a percentage from GDP) as part from the GHG inventory preparation process.

FIGURE 5. COMPARISON OF THE RESULTS FROM SBUR wiTH TBUR
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The results obtained from the analyses in this study cannot be directly compared with the goals defined in the
Intended Nationally Determined Contributions (INDC) because:

besides CO2 emissions TBUR takes into account the emissions of CHs and N20O which were not
included in the INDC

an emission factor has been attributed to the import of electricity

as a result of the changes in the modelling, the change of input parameters (prices of fuels, Gross
Domestic Product (GDP) growth, population growth etc.) the Reference scenarios in the TBUR is
different from the Reference scenario in the INDC.

If one was to make a realistic comparison with the INDC goals, only the CO2 emissions should be taken into

account

while the emissions related to electricity import should be disregarded. Additionally, a comparison

with the INDC reference scenario should be made to assess the relative decreases with respect to that
scenario. The results from the comparison are displayed in Figure 6 which shows that:

15

in the year 2030 in TBUR the WEM is more ambitious than the mitigation scenarios defined in the
INDC, as well as in SBUR.

in TBUR WEM in 2030 the emissions are decreased by 60% compared to the referent Business-as-
usual scenario defined in INDC,

in the TBUR WAM scenario the emissions are decreased by 78% compared to the Business-as-usual
scenario in INDC.

in the TBUR e-WAM scenario the emissions are decreased by 83% compared to the Business-as-
usual scenario in INDC.
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FIGURE 6. CoMPARISON OF THE SBUR, INDC AND FBUR, MITIGATION AND THE HIGHER AMBITIOUS SCENARIOS FROM
THE ENERGY SECTOR WITH THE INDC REFERENCE SCENARIO, 2030 (IN GG CO2-EQ)
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energy sector. WAM scenario requires an additional 38%, while for the realization of e-WAM almost 60%

more compared to WEM (Figure 7). The average yearly investments in WEM are approximately 4.8% of the

total average annual GDP, while in the e-WAM is 7.7% (Figure 8). If all of the measures are implemented in
parall el and the fAEnergy efficiency firsto principal
range from 7% to 19%.

Finally, in accordance with the Mitigation scenario an Action Plan for mitigation of climate change was

prepared, in which the stakeholders relevant for the implementation of all 47 measures and policies were
identified. Furthermore, the plan contains jimdicativemat i o
future emission reductions, specific costs (cost of reduced t CO2), and necessary investments for the
realization of the measures and the potential for green jobs creation. This Action Plan is a solid foundation for

creating national policies that would enable the low-carbon sustainable development of Macedonia.

FIGURE 7. INVESTMENTS BY SCENARIOS AND BY FIGURE 8. ANNUAL INVESTMENTS COMPARED TO AVERAGE
SECTORS GDP
% Mill. EUR
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1 Introduction

1.1 Context

The Republic of North Macedonia (Macedonia), a nhon-Annex | party to the United Nations Framework
Convention on Climate Change (UNFCCC), ratified Paris Agreement in January 2018, with the following

contribution to the global efforts for GHG emissions reduction (Macedonian NDC) : AiTo redauce t
emissions from fossil fuels combustion for 30%, that is, for 36% at a higher level of ambition, by 2030
compared to the business as wusual (BAU) scenario. o Tt

change mitigation, that is, on policies and measures which lead to GHG emissions reduction, and particularly
to CO2 emissions from fossil fuels combustion which covers almost 80% of the total GHG emissions in the
country. The following sectors are of dominant share: energy supply, buildings and transport. Vulnerable
sectors and climate change adaptation shall be subject to a more detailed analysis in the future NDC
submissions. The country is in the process of converting to a legislative and regulatory framework that will be
informed by the 2030 Climate and Energy Framework of the European Union. It will need to adopt a Long-
term Climate Action Strategy and a Law on Climate Action. This initiative is being funded by a project
entitled ALaw and Strategy on Climate Change, 0 which
Pre-Accession Assistance (IPA II) funding mechanism. Work on the Long-term Climate Action Strategy started
in March 2019 and the drafting of the Law on Climate Action (including transposition of EU Monitoring
Mechanism Regulation 525/2013) is ongoing.

So far, three National Communications on Climate Change (NCCC) and two Biennial Update Reports
(BURS), first (FBUR) and second (SBUR) have been submitted to the UNFCCC. All these documents,
particularly the latest, SBUR, are based on the robust analytical work and consultations with the relevant
ministries and other relevant stakeholders aimed at:

" Identification and validation of possible mitigation policies and measures in the target sectors in
agreement with the sector policies and planning documents, as well as with the European Policy on
Climate and Energy.

" Identification and validation of the assumptions used for the modelling of the identified policies and
measures in line with the sector policies and planning documents, as well as with the European Policy
on Climate and Energy.

" Prioritization of identified policies and measures and providing directions for the development of
mitigation scenarios with existing and with additional measures.

Meanwhile, the National Strategy for Energy Development up to 2040 (Energy Strategy) was adopted in
December 2019. The Energy Strategy depicts three scenarios - Reference, Moderate Transition and Green
which reflect different dynamics of energy transition and enable flexibility into Macedonian response to
relevant EU policies and governance for modern, competitive and climate-neutral economy by 2050.

In many aspects, these developments can be considered as a strong entry point to the mitigation analyses
within the TBUR.

First of all, it is the capacity, both analytical and institutional, and the participatory process, which has
been created, maintained and enhanced over the Energy strategy, SBUR, NDC, FBUR and the three NCCC
timelines.

Secondly, the SBUR scenarios defined as WOM (without measures), WEM (with existing measures) and
WAM (with additional measures) or Survival, Safeway and Climate runner correspond one to one to the
Strategyds t{ReferencesModerat Mranesition and Green. In both cases, the scenario modelling
tool is MARKAL. Also, the building principle of the scenarios is the same 1 reflecting different levels of ambition
in mitigation action and different dynamics of the energy transition. This approach will be pursued in the TBUR
mitigation analyses.
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Macedonian SBUR goes beyond the requirements from the UNFCCC Guidelines for Non-Annex | Countries
since, besides economic and environmental evaluation, it addresses social aspect estimating co-benefits
from the implementation of mitigation policies and measures (PAMs). This good practice can be utilized and
further extended since it provides essential input for prioritization of the PAMs and for informed policy design
and decision-making. Worth mentioning in this regard, is the Study on the Heating in the City of Skopje
(STUGRES) and Study on Transport (STUTRA) conducted also under SBUR, which certainly have a
significant role to play when it comes to mitigation action at local level. Moreover, these studies can serve as
good practice showcasing that in the face of an air quality emergency and the climate crisis, solutions that
tackle one or the other cannot be afforded. But solutions that tackle both are the way to go.

Representation of the SBUR PAMs in a tabular form, with elements prescribed in UNFCCC Guidelines for
BUR preparation, is yet another element which is broadly implemented in BUR mitigation analyses, as well
as in the current, and even more, in the forthcoming Energy related planning documents, such as National
Energy and Climate Action Plan or Energy Efficiency Action Plan. Indeed, this practice of representation of
the PAMs with description, steps taken or envisaged, results achieved and estimated outcomes, estimated
emission reductions, timeframe, costs, implementing entity, as well as progress indicator, provides solid base
for monitoring, reporting and verification (MRV) of the achievement of each the PAMs, but also of the
achievement of national energy and climate targets (RES share, EE improvements, GHG emissions
reductions). The later assumes appropriate MRV institutional setting and communication flows at the national
level are established and operational.

Finally, Macedonian SBUR besides PAMs from the Energy sector, analyzes and incorporates in its scenarios
PAMs from Transport, Industry, Agriculture, Forestry and Other Land Use (AFOLU) and Waste sectors,
which also are important target sectors for climate action. In that way, the Energy and Climate are brought
closer together gaining momentum for integrated Energy and Climate planning, which is to be duly applied
in TBUR, National Energy and Climate Plan and the forthcoming revision of the NDC.

1.2 Economics and population

Macedonia is one of the smallest countries in the Southeastern Europe region, with around 2.075 million

inhabitants. Its gross domestic product (GDP) equalsto 85bi | | i on U pen dapith is 4,0865D0P
(Table 1).
TABLE 1. BASIC DEMOGRAPHIC AND ECONOMIC INFORMATION FOR THE COUNTRIES OF SOUTHEASTERN EUROPE (2018)
Population GDP GDP per capita Unemployment
(million) (billio (a)
EU 28 512.38 14,521.8 28,341.9 6.3%
Bulgaria 7.05 46.0 6,524.8 5.6%
Greece 10.74 190.8 17,765.4 16.7%
Croatia 4.10 49.0 11,951.2 7.2%
Romania 19.53 169.4 8,673.8 4.0%
Montenegro 0.62 3.9 6,290.3 15.5%
Macedonia 2.08 8.5 4,086.5 17.1%
Albania 2.90 11.0 3,793.1 12.0%
Serbia 7.00 36.3 5,185.7 22.2%
Bosnia and Herzegovina 3.84 15.2 3,958.3 32.9%
Kosovo 1.80 5.8 3,222.2 25.3%
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1.3 Basic characteristics of the sectors

1.3.1 Energy

Compared to the other sectors, the Energy sector by far has the largest share in the GHG emissions in
Macedonia. This is because this sector is mainly based on fossil fuels, primarily coal, which accounts for over
80% of the total energy demand. In the last few years, a certain decreasing trend of the share of fossil fuels
can be noted, primarily due to an increase in the electricity import, which additionally increases the import
dependence of the country, estimated at 54%. There is also an increasing trend of the share of renewable
energy in the gross final energy consumption, which from 17.7% in 2009 has increased to 19.6% in 2017. The
efficiency of the Macedonian energy system (conversion from the total required energy into final energy) is
about 71%. This value is almost at the same level as the member countries of the Organization for Economic
Co-operation and Development (OECD) Europe, where it is about 70%.

As a result of the low GDP, Macedonia falls in the category of countries with high gross inland consumption
and high final energy consumption per unit of GDP despite the low energy consumption per capita.

1.3.2 Industrial Processes and Pr oduct Use

The GHG emissions from Industrial Processes and Product Use (IPPU) in Macedonia originate from
production industries and the use of ozone-depleting substances for air conditioning. The metal industry is the
main contributor to the emissions of this sector with a dominant level of emissions from the production of
ferroalloys. Cement production is the second largest contributing category to GHG emissions. The rest of the
emissions are result of the use of substituents of ozone-depleting substances.

1.3.3 Agriculture, Forestry and Other Land Use

Forests and forest lands are the main COzsinks in Macedonia. Accor ding to the data fro

Assessment of the methodology for i mplementation of tt
forest, forest land and barren land (estimated in the 2017) is 1.122.258 ha out of which 1.001.489 ha are

forest, 109.126 ha forest land and 11.643 barren land. This generally is in line with the official data from the

State Statistical Office, Forestry management plans (PE fAMacedoni an
forests and Ministry of Agriculture, Forestry and Water Economy). Furthermore, according to the findings of

the project TCP/MCD/3604 in the period of 2009 to 2017 year about 43.252 ha of other wood land were

changed to forest. This process of land cover changes (especially from other land cover to forest) is very

important for planning of mitigation measures and adaptation to climate change. In terms of the ownership,

around 90% of the forests are state-owned and the rest are private forests.

In Macedonia, the activities related to livestock production emit greenhouse gases mainly as a result of enteric
fermentation and management of manure. On the other hand, greenhouse gas emissions from crop
production are a consequence of several major sources, such as inadequate and excessive fertilization with
mineral fertilizers, which in the long term causes a serious reduction in organic matter in soils and significant
CO: emissions, rare and inadequate application of manure, conversion to land use from extensive to an
intensive plant production system, inadequate management of arable land and improper management when
fertilizing.

1.3.4 Waste

According to the GHG inventory, the emissions in the waste sector are increased by 50% between 1990 and
2016, making this sector the fastest growing. Considering the fact that most of the emissions are from Solid
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Waste Disposal Sides, as well as the forecasts for their growth as a result of the increased amount of waste
that citizens are increasingly creating, special attention should be paid to this sector. The following categories
act as contributors to the GHG emissions: Solid Waste Disposal, Biological Treatment of Solid Waste,
Incineration and Open Burning of Waste, and Wastewater Treatment and Discharge. The GHG emissions
from this sector follow a monotonously growing trend. Solis waste disposal is the category with the highest
share of GHG emissions in this sector.

1.4 Scope of the TBUR mitigation analyses

The good practices and the established detailed and robust methodology developed in SBUR have also been
implemented in this BUR. For the Energy sector the analyses are made with the MARKAL model, while for
the AFOLU and Waste are calculated with the IPCC software. The emissions from IPPU are calculated based
on the regression analyses model. Having in mind that the last year of the GHG inventory is 2016, the
projections for GHG emissions are for the period 2017-2040.

Given that the Energy strategy up to 2040 was adopted in December 2019, TBUR's energy analysis is based
on it as an officially adopted document. Namely, as stated at the beginning of this chapter, the strategy defines
three scenarios, Reference Scenario, Scenario with moderate transition and Green scenario. In SBUR, there
were two mitigation scenarios (With Existing Measures - WEM and With Additional Measures - WAM), but the
fact that the Energy strategy now defines three scenarios, in TBUR one additional mitigation scenario
(Extended Mitigation - e-WAM) is introduced. Accordingly, the Reference Scenario of the strategy corresponds
to the WEM scenario, the Moderate transition scenario is a WAM scenario in TBUR, while the Green scenario
is presented through the e-WAM scenario.

Also it should be emphasized that during the process of the Energy strategy preparation, almost all input data,
as well as the results were validated in a participatory approach with the key stakeholders including Energy
Community and NGO sector. Besides, two public debates were organized with wide participation and very
fruitful discussion and comments.

In TBUR complete integration of the widely developed models for each of the sectors has been made, as well
as their intersectoral connection through the main common drivers (Figure 9). Additionally, a few changes
have been made relative to the SBUR that can be summarized as follows:

The contribution of each measure for achieving the SDG goals is presented.

With the help of the SDG indicators, the overall development of Macedonia in terms of GHG emission
reductions in monitored, which can be compared to other countries. In this regard, for the first time in
this report, an indicator from the Forestry sector was presented, with the help of which the forests
area in Macedonia and its comparison with other countries was presented. Additionally, a new
indicator in the Energy sector - Energy consumption in households per capita, was calculated and
presented.

For some measures in the energy sector are defined three different paths of implementation that
correspond to a different scenario.

Regarding the Energy sector, the ambitions of the proposed measures are much higher compared to
those in SBUR. Several completely new measures have been introduced, the most important of which
is the measure for the introduction of CO: tax, which significantly changes the penetration of other
measures in the field of RES, energy efficiency, fuel switch, etc.

Two completely new measures have been introduced in the AFOLU sector, Application of Biochar
and Photovoltaic Irrigation.

Regarding the waste sector, the changes that have been implemented in the waste sector within the
GHG Inventory have been adequately incorporated into the mitigation model for the waste sector,
such as the data for waste generation rate in industry and composition of waste. Additionally, for the
first time in TBUR, a forecast of waste incineration emissions based on historical data has been made.
Also, historical data for value added data has been linked to Total organic degradable material in the
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wastewater. Their connection, together with the value added projections from the MARKAL model,
has been used to calculate the projections of emissions from Industrial wastewater treatment.
Furthermore, for the first time, a measure (Improved waste and materials management at industrial
facilities) has been introduced in the category Solid Waste Disposal from Industry.

FIGURE 9. INTRA- AND INTER-SECTORAL APPROACH IN TBUR MITIGATION ANALYSES
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2 Reference scenario Without measures-
WOM)

WOM scenario assumes no major changes in technology, economics, or policies so that normal
circumstances can be expected to continue unchanged. This scenario has no likelihood of occurrence
because it implies, for instance, that the efficiencies of devices used in households in 2040 would be the same
as the efficiencies of the devices used in 2017. Nevertheless, such a scenario is of crucial importance because
it allows all policies and measures to be compared to a referent option (i n o a c t i) and dentdyaheie
performance (energy, emissions and financial savings).

2.1 Energy

The Energy part of the WOM scenario is based on the Business-as-usual scenario developed in the Energy
efficiency part of the Strategy for Energy Development up to 2040.

2.1.1 Key assumptions

In general, all assumptions in the Energy sector are based on the Strategy for Energy Development up to
2040. These include projections of:

GDP, an average growth rate of 3.3% (Figure 6)

Population, decline for 0.2% (Figure 11)

" Prices of domestic fuels for the period 2012- 2017 (Energy Regulatory Commission)
" Fuel prices i gas (Figure 12), coal, oil (World Energy Outlook (WEQO) 2017)

" COz2 emissions price (Figure 13) (WEO 2017)

" The import price of electricity for the period 2012- 2017 (HUPX)
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FIGURE 12. GAS PRICE PROJECTION, 2018 17 2040 FIGURE 13. CO2 PRICE PROJECTIONS, 2018 - 2040
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Moreover, the good practices established as a part of the SBUR are implemented in this report with upgraded
data for the period 2015-2017. These include the basic assumptions made in SBUR, such as:

Dependence of value added of each industry to the GDP,

Dependence of the transport sector on the number of vehicles (new and old) bought in Macedonia,
the average number of kilometers traveled, the average number of tones of goods transported, etc.,
Dependence of the residential and non-specified sector on the detailed data about Number of
households; Members per household, total area, heated area, information about the construction of
the buildings (windows, insulation, year of construction, etc.), appliances used for heating and cooling
and the degree of their use, number of refrigerators and other appliances, heating and cooling degree
days.

All these data are updated with the most recent data used in the Strategy for Energy Development up to 2040.

2.1.2 Method

As support and help in forecasting the energy demand in the period until 2040, the MARKAL (MARKet
ALlocation) program package is used. MARKAL is a complex model for planning the development of the
overall energy sector at local, national and/or regional level.

To meet the electricity demand, the MARKAL model chooses those technologies that have the lowest cost of
electricity generation, which includes the investment costs of a particular energy facility, the fixed and variable
maintenance costs as well as the costs of fuel consumed by a certain power plant or if the electricity from
imports is cheaper the model imports electricity. In the process of optimization, MARKAL implements the
balance of both, the power and the electricity produced.

The emission factor of imported electricity

The method developed as a part of the SBUR process regarding the GHG emission from the imported
electricity is also used for this report. Namely, in previous reports, under the IPCC methodology, the import of
electricity, did not have an emission factor. That means that the total national GHG emissions depend on the
inverse proportion to the import of electricity. Hence, the experiences from these practices are negative,
mainly because the import of electricity can be treated as a climate change mitigation measure. To avoid such
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a situation and to obtain more real decreases of emissions based on mitigation measures (not made up
through import), CO2, CH4 and N20 emission factors for the imported electricity are set up.

2.1.3 Results

On one hand, the increase in the useful energy demand and on the other hand, not investing in energy
efficiency leads to an increase in final energy consumption, which is growing at a rate of 2.4% per year in the
period 2016-2040 (Figure 14). Electricity and diesel will continue to play an important role in the final energy
consumption participating with around 60%. If the biomass consumption is excluded, the share of the other
RES (solar, geothermal) is negligible. However, the share of coal and gas is going to increase, achieving 18%
in 2040.

FIGURE 14. FINAL ENERGY CONSUMPTION BY FUELS
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Regarding the final energy consumption by sectors, the Manufacturing Industries and Construction,
Residential and the Transport sector are the most dominant ones during the whole period (Figure 15). The
largest growth is in the Manufacturing Industries and Construction sector (2.5 times higher in 2040 compared
to 2016).

FIGURE 15. FINAL ENERGY CONSUMPTION BY SECTORS
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In addition to the increase of the final energy consumption, as well as not investing in RES will double the
primary energy consumption in the considered period (Figure 16). Coal will still dominate, but to a much higher
extent in the period 2035-2040, reaching a share of 50% in 2040. Qil products are the second largest
contributors with an average share of around 30%. The fastest-growing fuel is natural gas, whose
consumption is increased around 4 times in 2040 compared to 2016.
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FIGURE 16. PRIMARY ENERGY CONSUMPTION BY FUELS
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The increase of the primary energy consumption which is based on fossil fuels will increase GHG emissions
in the analyzed period by 77% in 2040 relative to 2016 (Figure 17). Compared to the 1990 level, emissions
will be increased by 61% in 2040. It is important to note that the emissions presented in Figure 17 for the
period 2014-2040 also include the emissions from electricity import and international aviation, which are not
used for reporting the national emissions in the GHG Inventory (according to the IPCC methodology). In this
report, electricity import is included to properly evaluate the proposed mitigation policies and measures, and
not include electricity import as a mitigation option.

FIGURE 17. GHG EMISSIONS BY GAS
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The consumption of coal makes the Main Activity Electricity and Heat Production sector the greatest producer
of GHG emissions (a share of 49% in 2040). As can be noted, electricity import significantly affects GHG
emissions with a share of around 18% during the analyzed period (Figure 18).
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FIGURE 18. GHG EMISSIONS BY SECTOR
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2.2 Industrial Processes and Production Use

2.2.1 Key assumptions

In the IPPU sector there are emissions from the following categories: Mineral Industry, Metal Industry and
Product Uses as Substitutes for ODS.

The fundamental assumption used to plan the GHG emissions in this sector is that they are mainly dependent
on the increase of the added value in the specific industry. Based on this assumption, an analysis of the
correlation between the emissions and the added value in each industry category is made. The data used for
the correlation in SBUR are upgraded for two more years, so the results from the correlation are more precise
in TBUR. However, this assumption does not apply to the category Product Uses as Substitutes for ODS,
where the main source of emissions is from imported appliances (such as refrigerators and air conditioners).
For this category it is assumed that the import of appliances depends on GDP.

2.2.2 Method

The methodology for the calculation of the GHG emissions from IPPU that was developed in the SBUR is also
applied in the TBUR. To determine the dependence of the historical emissions from the value added in the
Mineral and the Metal industry, a correlation between them is calculated (Figure 19 and Figure 20). From
these figures, the equation on their dependence is obtained, which is then used to estimate the emissions
from these categories up to 2040. It should be emphasized that this is a basic method for calculation of GHG
emission and more attention is needed in this sector during the preparation of Fourth National Communication
on Climate Change. Most probably, as a result of energy efficiency measures, there is a negative trend of
GHG emission in the Mineral industry. Besides, the production capacity of the entities as well as the products
that are produced may contribute to GHG reduction.

For the emissions from the Product Uses as Substitutes for ODS category, a correlation with the total GDP in
Macedonia was made, and the obtained equation, together with the planned GDP growth are used to plan the
emissions from this category for the period up to 2040 (Figure 21).
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FIGURE 19. DEPENDENCE BETWEEN GHG EMISSIONS AND VALUE ADDED IN THE MINERAL INDUSTRY
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FIGURE 20. DEPENDENCE BETWEEN GHG EMISSIONS AND VALUE ADDED IN THE METAL INDUSTRY
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FIGURE 21. DEPENDENCE BETWEEN GHG EMISSIONS IN THE CATEGORY PRODUCT USES AS SUBSTITUTES FOR OZONE
DEPLETING SUBSTANCES AND TOTAL GDP
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2.2.3 Results

It is projected that GHG emissions from the Mineral industry, in the period up to 2040 will be reduced by 42%
compared to the 2016 level (Figure 22), as the emissions in this category tend to get lower as the GDP value
added increases.

FIGURE 22. HISTORIC AND PROJECTED GHG EMISSIONS AND VALUE ADDED IN THE MINERAL INDUSTRY (IN GG CO2-
EQ)
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On the other hand, the emissions in the Metal industry are positively correlated to the GDP value added in
this category, so the emissions in 2040 are increased by 88.5% compared to 2016 (together with the increase
in the value added), reaching 710 Gg CO2-eq in 2040(Figure 23).

FIGURE 23. HISTORIC AND PROJECTED GHG EMISSIONS AND VALUE ADDED IN THE METAL INDUSTRY (IN GG CO2-EQ)
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The emissions in the category Product Uses as Substitutes for ODS follow the growth of the GDP in

Macedonia, and in 2040 they will achieve around 860 Gg CO2-eq or around 3 times more compared to 2016
(Figure 24).
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FIGURE 24. REALISED AND PROJECTED GHG EMISSIONS IN THE CATEGORY PRODUCT USES AS SUBSTITUTES FOR
OZzONE DEPLETING SUBSTANCES AND GDP (IN GG CO2-EQ)
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Summing up the projections of the emissions in the IPPU sector shows that there is an increase of about 70%
in 2040, compared to 2016 (Figure 25). The emissions will reach 1,792 Gg CO2-eq in 2040. Product Uses as
Substitutes for ODS will be the most dominant category with an emission share of 48% in 2040 (28.4% in
2016). The share of the Metal Industry is almost the same during the planning period, while the share of the
Mineral industry is reduced from 36% in 2017 to 12% in 2040.

FIGURE 25. TOTAL GHG EMISSIONS IN INDUSTRIAL PROCESSES AND PRODUCT USE SECTOR BY CATEGORIES (IN GG
CO2-EQ)
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2.3 Agriculture, Forestry and Other Land
Use

2.3.1 Key assumptions

The major drivers of GHG emissions in the AFOLU sector explained by IPCC (increased livestock numbers,
increased area under agriculture, increased use of fertilizer, increased area under irrigation, increased human
and animal populations etc.) are not noticed in the country, quite the opposite, the official data show that the
livestock number decreased, as well as utilized agricultural area and irrigated area. In addition, there is no
evidence on increasing in fertilizer use. Moreover, the population in the country is almost stable in the last 30
years. However, this situation can easily change as a result of country NATO membership, advances in the
EU approximation process and other processes making the country more attractive for investments in the
agricultural sector. The scenario used in predicting the GHG emission from the AFOLU sector was based on
the present situation of decreasing trends. Nevertheless, such a situation can quickly change and become
outdated as a result of significant investments in the sector.

In defining the WOM scenario for the AFOLU sector, the hypothesis that the rate of conversion of the land for
the period 2000-2016 will keep the same trend by 2040. The assessment of the values for the period 2013-
2040 was prepared employing a simple extrapolation method. Still, it is very difficult to make forecasts for the
land use trends and change in land use for such a long period. However, CO2 emissions are calculated
according to the basic dynamics of the past changes in land use. Besides, in this scenario, it was assumed
that no mitigation measures will be applied, i.e. the usual practice in land use will be continued. In the Livestock
sector the size of the population is expected to be reduced. This decrease began in the early '90s of the last
century. It strikes the most the cattle, sheep, goats and horses. In contrast, in pig breeding and poultry, the
reduction in the number is not so pronounced, primarily because of the specific mode of production, which is
usually intense. Also, it is assumed in the case of dairy farms, their number will be reduced while efficiency in
milk production will be increased, due to economic logic.

2.3.2 Method

Livestock

To anticipate GHG emissions from the activities related to livestock production, a Reference scenario is
prepared initially without the application of mitigation measures. The projection is based on: a) Trends in the
number of heads; b) Forecasts of changes in production systems for each species of domestic animals, and
¢) Changes in the level of productivity in each production system and for each species of domestic animals,
separately. In the Reference scenario, the current state of productivity and management method of the farms
was taken to be maintained over the whole planning period.

The data used in the forecasts GHG emissions emitted as a result of activities related to livestock production
are taken from different sources for each type and production system separately. For ruminants and horses,
official statistics for the period 1990-2014 were used. With these data, extrapolation equations for the number
of heads were derived. However, for the number of pigs and poultry, the predictions about the size of the
population are based on expert opinion. For all types of domestic animals in the Reference Scenario, in 2015
the official statistics for 2015 were used.

Cattle group consists of two different production groups, e.g. dairy cows and other cattle. The presence of
organized farms with more than 50 milk cows is very low (about 1-2%). However, from an economic,
productive point of view, and the aspect of efficiency in the work, it is realistic to expect that many of the
existing small farms (farms with fewer than 10-15 heads) will disappear in the future, against the increase in
the number of organized dairy farms with more heads. The projection assumes that the participation of
organized farms with more than 50 dairy cows will be 5% of the total dairy farms in 2020. Every 5 years
subsequently, an additional 5% of dairy farms will be transformed into organized, thus in 2040 their share is
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expected to be 30% of the total number of dairy farms. On these farms advanced techniques of nutrition and
improved management and treatment of manure would be implemented. In this way, even if the current
descending trend of dairy population remains (a drop of about 17% by 2040), milk production is expected to
increase, primarily due to the increased production per head. Other cattle are also expected to experience a
moderate decrease in the population, primarily due to the cross-breeding of the local with more productive
breeds, but it is also expected that some of the very extensive farms in the remote mountain regions will
completely disappear.

Production systems in sheep and goat breeding are under strong pressure due to a lack of skilled labor, but
also because of low productivity. Most of the sheep breeders are older family members. Unless some rapid
demographic changes occur, the reduction in the sheep and goat population will continue. If the current trend
(1990-2016) continues, then it is realistic to expect a decrease in the population by an additional 28% by 2040
( Table 2.

The population of ungulates (horses and donkeys) counts nearly 20,000 heads. This population contributes
insignificantly to GHG emissions and is expected to remain stable in the coming period.

The number of pigs in the coming period is expected to remain stable, due primarily to the specific intensive
system. At the same time, it is expected that the productivity and structure of the herds will change as well as
the number of farms that will use modern breeding technologies. Therefore, the projection is that by 2040 the
population of pigs will decrease (from 28,671 in 2016 to 20,000 in 2040), but at the same time, the number of
pigs for fattening will decrease from 202,758 (2016) to 185,000 (2040).

Poultry is also expected to follow the trend as pig breeding, where the total population would be slightly

reduced, while the number of intensive farms for laying hens, broilers and turkeys would increase.

TABLE 2. STATISTICAL (2014, 2015 AND 2016) AND FORESEEN DATA ON THE NUMBER OF DOMESTIC ANIMALS USED IN
FORECASTING GHG EMISSIONS IN LIVESTOCK

Igtpezsoﬁ’;i 2014 2015 2016 2020 2025 2030 2035 2040
Dairy cows 155,432 156,699 160,603 144,814 140,534 136,381 132,350 128,438
Other cattle 86,175 96,743 94,165 93,671 92,405 91,318 90,367 87,656
Sheep 619,839 599,869 607,622 480,725 461,817 442,910 424,002 405,093
Sheep up to 1 year 113,671 123,426 116,933 120,756 116,096 112,043 108,457 104,101
Goats 81,346 88,064 101,669 44,462 36,559 28,655 20,752 12,849
Horses 19,371 18,784 19,263 19,921 19,926 19,931 19,936 19,941
Swine 23,511 20,857 28,671 22,000 21,000 20,000 20,000 20,000
Fattening pigs 141,542 174,586 202,758 165,000 168,000 170,000 180,000 185,000
Poultry 1,939,879 1,761,145 1865769 1,820,645 1,910,712  2,005922 2,106,577 2,201,888
Laying hens 1,884,280 1423841 1705948 1,790,075 1,879,578 1,973,557 2,072,235 2,166,288
Broilers 4,355 51,256 15,998 6,532 7,839 9,406 11,288 12,873
Turkeys 3,690 2,910 10,070 5,535 6,642 7,971 9,565 10,908
Other poultry 19,477 17,908 36,245 18,503 16,653 14,988 13,489 11,818
Forestry

In the preparation of this scenario, it was assumed that in the future, except for forest fires, there will be no
other losses on forest land. In doing so, the forest land in 2013 was taken and the average annual losses from
fires for the period 1999-2015 and their share in the balance of carbon from forests were calculated.

Agriculture and Land Use
Several modeling options were evaluated, but as a most appropriate, IPCC methodology was selected

However, using the IPCC methodology, the changes in output data can be initiated by modifying the input
data (by altering the land use change areas or by modifying parameters and coefficients required accordingly
to the management practices prevailing in the country). Unfortunately, both data types are not available in the
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country, therefore the approach used was implementing the extrapolation method. However, there are
intensive activities to derive land use changes data from historical satellite imagery and to establish datasets
required for improvement of the modeling capacities in the AFOLU sector.

Moreover, the research on available options for future modeling improvement was conducted. The model
AFOLU-B (bottom-up approach) (Hasegawa et al, 2017, Pradah et al, 2019) was determined as an advanced
tool for development mitigation analyses in AFOLU sector, but for implementing such a model, the scenario
for agricultural production is required as well as many other datasets that are still not available in the country.
Moreover, The Joint Research Center of the European Commission published the technical paper Mitigation
measures in the Agriculture, Forestry, and Other Land Use sector in 2016 (Leip et al, 2017). This paper
provides information on data requirements, for evaluating the mitigation measures and options. However,
once again the lack of datasets with decent quality was a major shortcoming for implementation of some
advanced approach in modelling. According to the JRC report data sources are mainly developed by
observation and research for establishing the parameters required. Therefore, high priority should be given
on capacity building for research and observations required for the development of the dataset on national
emission coefficients during the next period.

Therefore, the IPCC methodology was the method of choice. Due to a lack of available datasets and scenarios
the IPCC methodology was combined with empirical modeling to estimate trends in Agriculture and land use
changes. However, this hybrid approach is not sustainable and certain steps should be taken for the
development of the datasets required.

2.3.3 Results

In the period 2014 to 2040 the AFOLU sector emissions in the WOM scenario will increase by 17.5% (Table
3, Figure 3). The main reason is decreasing of the forest carbon sink for almost 10%. At the same time, the
emissions from the other land use are increased by around 30%. Dairy cows and other cattle are the main
emitters of GHG emissions in livestock production, while other species (sheep, goats, horses, pigs and
poultry) participate considerably less. Enteric fermentation will remain the main source of methane emissions.
However, it is projected that emissions from the Livestock sub-sector will reduce by 16.6% mainly due to the
reduction in the number of animals. The GHG emissions from the sub-sector Aggregate sources and non-
CO2 emissions sources on land in 2040 will remain at almost the same level as in 2014, while the sinks from
the sub-sector Other are increased by around 45% although the share of this sector in total sinks is negligible.

TABLE 3. ESTIMATED TOTAL EMISSIONS FOR THE PERIOD 2014-2040 IN THE AFOLU SECTOR

2014 2015 2016 2020 2025 2030 2035 2040

AFOLU -2129.9 -2185.7 -2062.1 -2,155.5 -2,066.4 -1,976.9 -1,885.4 -1,791.8
Livestock 789.8 816.5 831.2 754.7 738.8 723.3 709.8 698.5
Land -3234.2 -3316.3 -3281.1 -3,226.5 -3,118.7 -3,010.9 -2,903.0 -2,795.2

Forestland -3632.8 -3666.6 -3603.6 -3,605.2 -3,532.4 -3,459.6 -3,386.8 -3,313.9

Cropland 34.76 28.84 31.22 28.07 19.22 10.37 1.52 -7.33

Grassland 32.25 27.94 25.80 22.21 6.09 -10.04 -26.16 -42.29

Settlements 3.64 9.36 2.92 4.59 2.79 0.99 -0.81 -2.61

Other Land 327.87 284.16 262.57 323.85 385.63 447.41 509.19 570.98
Aggregate sources and
non-CO, emissions 338.78 337.41 359.78 342.4 341.8 341.2 340.6 340.0
sources on land

Urea application 3.67 3.51 3.19 3.1 2.7 2.4 2.0 1.6

Direct N,O emissions

from managed soils 209.33 208.37 224.45 214.5 216.9 219.3 221.7 224.2

Indirect N,O emissions 75.46 75.26 80.71 76.0 75.8 75.6 75.4 75.2

from managed soils

Indirect N,O emissions

from manure 26.27 27.10 28.01 25.9 25.0 24.1 23.2 22.4

management

Rice cultivations 24.05 23.17 23.42 22.9 21.3 19.8 18.2 16.6
Other -24.19 -23.27 28.01 -26.0 -28.3 -30.5 -32.8 -35.0

Harvested Wood 2419 2327 23.42 -26.0 28.3 305 32.8 -35.0

Products

33


https://www.google.com/search?sxsrf=ALeKk03Emi7M0O2ztVeMg8qsj6Z4ALLiAg:1591993150930&q=Other+are+increased+by+around+45%25+although+the+share+of+this+sector+in+total+sinks+is+negligible&spell=1&sa=X&ved=2ahUKEwihwvvRjP3pAhXmQUEAHVJiDp8QBSgAegQIDBAl

Reference scenario (Without measures - WOM)

FIGURE 3. TOTAL GHG EMISSIONS IN AFOLU SECTOR BY SUBCATEGORIES (IN GG CO2-EQ)
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2.4 \Waste
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2.4.1 Key assumptions

The approach established as a part of the SBUR is also used in the TBUR. In the Waste and Energy sectors,
the same key drivers are used, i.e. GDP and population (explained in the section on macroeconomic drivers).
In order to calculate the GHG emissions from Municipal Solid Waste Disposal, one of the key parameters,
besides population, is the amount of waste per capita. For that purpose, the comparison of the amount of
waste per capita in Macedonia with the countries in the nearby region as well as with the European Union 28
(EU28) was made. It is interesting to note that for example in Austria the quantity of waste during the period
2008-2017 is stable. The same situation is with Greece and Croatia, while in Bulgaria the amount of waste
per capita is reduced by about 25%. At the EU 28 level there is a downward trend, while in Macedonia, if 2017
is excluded, there is a trend of growth. In the SBUR it was assumed that these trends will continue and in
2035 Macedonia will have the same level of waste per capita as the EU28. In TBUR the same assumption is
applied. Additionally, it is assumed that in the period after 2035, the amount per capita will start to decline
(Figure 26).

FIGURE 26. QUANTITY OF MUNICIPAL WASTE PER CAPITA IN MACEDONIA, EU28 AND COUNTRIES IN THE SEE REGION
(IN KG/CAPITA)
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In the reference scenario it is also assumed that the composition of waste going to solid waste disposal will
remain the same during the whole period as they are for 2016, i.e. food i 36.7%, garden i 10.7%, paper |
10.8%, wood i 0.4%, textile i 3.7%, nappies i 5.0% and plastic, other inert T 32.6%. Additionally, the
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Reference scenario (Without measures - WOM)

distribution of waste by waste management treatment will be equal to the distribution in 2016, for the whole
period. For calculating the industrial waste, the data for the value added for the industry from the MARKAL
model are used.

2.4.2 Method

A completely new Excel model able to calculate the GHG emissions from the Waste sector was developed in
the SBUR. This model is based on the methodology implemented in the IPCC software and thus covering all
subcategories of the Waste sector. With the help of this software and the assumptions made, the emissions
for the period until 2040 are calculated.

For the first time, in the reference scenario mechanical and biological treatment with composting is included
(Figure 27). Based on the historical data for the period 2011-2016, an equation for the trendline of the
emissions from composting is obtained. Based on this equation, the emissions for the period from 2017 to
2040 are calculated.

FIGURE 27. CALCULATION OF WASTE TREATED BY BIOLOGICAL TREATMENT FACILITIES
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The emissions from waste incineration are also considered in the WOM scenario, and again a trendline is
calculated based on the available historical data for the period 2000-2016 (Figure 28). Using the trendline,
emissions from incineration of waste up to 2040 are calculated.

FIGURE 28. CALCULATION OF THE TOTAL AMOUNT OF WASTE INCINERATED
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In order to estimate the emissions from the industrial wastewater sector, a correlation is made between the
Total organic degradable material in wastewater with the value added in the industry for the period from 2008-
2016 (Figure 29). The derived equation for the correlation is used to calculate the total organic degradable
material in wastewater for the period up to 2040 (Figure 30).
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Reference scenario (Without measures - WOM)

FIGURE 29. CORRELATION BETWEEN THE TOTAL FIGURE 30. TOTAL ORGANIC DEGRADABLE MATERIAL IN
ORGANIC DEGRADABLE MATERIAL IN WASTEWATER AND WASTEWATER AND VALUE ADDED IN THE INDUSTRY FOR
VALUE ADDED IN THE INDUSTRY FOR THE PERIOD 2008- THE PERIOD 2008-2040
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2.4.3 Results

The results for the Waste sector in the WOM scenario show that the total GHG emissions from this sector will
increase by 50% in 2040 (914 Gg COz-eq) compared to 2016 (Figure 31). The subcategory with the largest
share of emissions (81% in 2040) remains the Solid waste disposal for the whole period, followed by the
subcategory Industrial Wastewater (10% in 2040) and Domestic Wastewater (6% in 2040). Concerning the
emissions by gases, by far the largest amount is from CHa, with a share of 95% in 2040 (Figure 32).

FIGURE 31. TOTAL GHG EMISSIONS IN THE WASTE SECTOR BY SUBCATEGORIES (IN GG CO2-EQ)
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FIGURE 32. TOTAL GHG EMISSIONS IN THE WASTE SECTOR BY GASSES (IN GG CO2-EQ)
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Reference scenario (Without measures - WOM)

2.5 Total emissions

The total GHG emissions from all sectors in the WOM scenario is expected to increase by 37.3% in 2040
compared to 1990, or by 64.7% compared to 2005, reaching 16,844 Gg CO:z-eq in 2040 (Figure 33). The
comparison is made relative to 1990 and 2005 because the exact base year for Macedonia is not defined yet.
When analyzing the total GHG emissions without the FOLU sector, this increase is even more dramatic, i.e.
+57.7% in 2040 compared to 1990 (Figure 34). From these emissions, the largest amount is from the Energy
sector, which increases its share by up to 81% in 2040. Additionally, the fastest growing sector in terms of
emissions is the Waste sector, where the emissions in 2040 are 2.25 times larger than in 1990. On the other
hand, the only sector that is absorbing CO2 emissions (has negative emissions) is the FOLU sector, and the
amount of emissions absorbed is increased in 2040 compared to 1990 and 2005, but it is decreased by 13%
compared to 2016.

The IPCC methodology does not include emissions from electricity imports, as well as from international
aviation. To compare the results with the GHG inventory of Macedonia, but also with the results from the other
countries, in this report the results without electricity import and international aviation (MEMO) are also
presented (Figure 35). Using this approach, in 2040 the GHG emissions are increased by 30.8% compared
to 1990. The difference between these two approaches is mainly due to the import of electricity, which in the
IPCC approach reduces the GHG emissions.

FIGURE 33. TOTAL GHG EMISSIONS BY SECTORS - WOM SCENARIO (IN GG CO2-EQ)
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Note: Due to the large area affected by fires in 2000, FOLU instead of sinks, contributed to the increase of the GHG emissions.

FIGURE 34. TOTAL GHG EMISSIONS BY SECTORS (WITHOUT FOLU) - WOM SCENARIO (IN GG CO2-EQ)
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Reference scenario (Without measures - WOM)

FIGURE 35. TOTAL GHG EMISSIONS BY SECTORS WITHOUT MEMO - WOM SceENARIO (IN GG CO2-EQ)
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